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(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the deterioration of a piezoelectric property by a 
pyroelectric effect in a piezoelectric ceramic containing no lead, and excellent in the 
piezoelectric effect. 

SOLUTION: The piezoelectric ceramics is a bismuth layer compound containing MTT 
(MTT is an element selected from among Sr, Ba and Ca), Ln (lanthanoid), Bi, Ti, O and 
Mn, and contains a MTTBi4Ti4015 type crystal. When the total amounts of MTT, Ln and 
Bi contents are shown by A, and the Ti content is shown by B, the atomic ratio A/B is 
1 .249^A/B^1 .260. When the Mn content is shown by C, the atomic percentage 100C/ 
(A+B) of the piezoelectric ceramic is 0.396<100C/(A+B)<1.060. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Mil (element with which Mil is chosen from Sr, Ba, and calcium), Ln (lanthanoids). When 
are a bismuth stratified compound containing Bi, Ti, O, and Mn, it is electrostrictive ceramics 
including a MIIBi4Ti4015 mold crystal, the sum total content of Mil, Ln, and Bi is expressed with 
A and the content of Ti is expressed with B, Electrostrictive ceramics whose atomic ratio A/B is 
1.249 <=A/B<=1.260 and whose atomic percent 100C/(A+B) is 0.396 <=100C/(A+B) <=1,060 when 
the content of Mn is expressed with C. 

[Claim 2] Electrostrictive ceramics of claim 1 which is 1 .250<A/B<=1.260. 

[Claim 3] Electrostrictive ceramics of claims 1 or 2 which are x+y-f-z=l, 0<=x<=l, 0<=y<=0.9, and 
0<=z<=l when the atomic ratio in Mil is expressed with SrxBayCaz. 

[Claim 4] One electrostrictive ceramics of claims 1-3 whose atomic ratio Ln/(Ln+MII) is 0<Ln/ 
(Ln+MH) <0.5. 

[Claim 5] One electrostrictive ceramics of claims 1-4 which convert into Y203 and Sc203 at least 
one sort of elements chosen from Y and Sc, respectively, and contain them under 0.3 mass % in 
total. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electrostrictive ceramics which it can be broad 
in fields, such as a resonator and a pressure sensor, and can be applied to them. 

[0002] 

[Description of the Prior Art] A piezo electric crystal is an ingredient which has the piezo-electric 
effect from which electric polarization changes, and the inverse piezoelectric effect which generates 
distortion by impressing electric field by receiving stress from the exterior. The piezo electric crystal 
is applied to the sensor for measxiring a pressure and deformation, the resonator, the actuator, etc. 
[0003] The great portion of piezoelectric material by which current utiUzation is carried out has the 
common ferroelectric which has perovskite structures, such as a PZT (PbZr03-PbTi03 solid 
solution) system of tetragonal system or a rhombohedral system, and PT (PbTi03) system of 
tetragonal system. And the correspondence to various demand characteristics is aimed at by adding 
various accessory constituents to these. 

[0004] However, the piezoelectric material of a PZT system or PT system has many whose Curie 
point is about 300-350 degrees C in a practical presentation. On the other hand, since the processing 
temperature in the present soldering process is usually 230-250 degrees C, the piezoelectric material 
whose Ciuie point is about 300-350 degrees C tends to produce property degradation in a soldering 
process. And if the solder (lead-free soldering) which does not contain lead is put in practical use, 
the processing temperature in a soldering process will become still higher. Therefore, it is very 
important to make the Curie point of piezoelectric material high. 

[0005] Moreover, since these lead system piezoelectric material contains volatile, very high lead 
oxide (PbO) in the large quantity (60 - 70 mass % extent) also at low temperature, it is not desirable 
from the field of an ecological standpoint and prevention of pollution. In case these lead system 
piezoelectric material is manufactured as the ceramics or a single crystal, heat treatment of baking, 
melting, etc. is unescapable, and when it thinks on industrial level, specifically, volatilization into the 
atmospheric air of the lead oxide which is a volatile component, and a diffusing capacity become 
very abundant. Moreover, although the lead oxide emitted in a manufacture phase is recoverable, 
when the lead oxide contained in the piezoelectric material paid for the commercial scene as an 
industrial product cannot be collected by the most in the present condition, and these are large and it 
is emitted into an environment, becoming the cause of a public nuisance is not avoided. 
[0006] Although BaTi03 of the perovskite structure belonging to tetragonal system is well known as 
a piezoelectric material which does not contain lead at all, for example, since this has the Curie point 
as low as 120 degrees C, it is not practical. Moreover, although the TiO(Bi(l-x)l / 2Na 1/2)3- 
xNaNb03 solid solution of a perovskite structure is indicated by JP,9-100156,A, that to which the 
Curie point exceeds 370 degrees C is not indicated by this official report. 

[0007] As a high piezo electric crystal of the Curie point, the bismuth stratified compound is known, 
for example. However, the bismuth stratified compoimd which does not contain lead at all has the 
problem that Qmax which becomes important is small, when applying to a resonator. Qmax is 
tanthetamax when setting maximum of a phase angle to thetamax. That is, when X is made into a 
reactance and R is made as resistance, it is the maximum of Q between resonance frequency and 
antiresonant frequency (=|X|/R). An oscillation is stabilized, so that Qmax is large, and an oscillation 
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by the low battery is attained. 

[0008] this invention persons have proposed the electrostrictive ceramics to which lead was not 
contained and Qmax added the lanthanoids to the SrBi4Ti4015 system presentation as a large 
bismuth stratified compoimd in the patent No. 3032761 official report. 
[0009] 

[Problem(s) to be Solved by the Invention] If a thermal shock is added to the electrostrictive 
ceramics by which polarization was carried out in order to show pyroelectricity, the charge 
accompanying a pyroelectric effect will generate electrostrictive ceramics. Since the electrostrictive 
ceramics of a SrBi4Ti4015 system presentation has comparatively high specific resistance, the 
charge generated according to the pyroelectric effect is hard to be canceled. Therefore, the electric 
field produced with this charge affect the sense of spontaneous polarization, and it is easy to produce 
degradation of a piezo-electric property, especially degradation of an electromechanical coupling 
coefficient (kt). 

[0010] This invention aims at reducing degradation of the piezo-electric property by the pyroelectric 
effect in the electrostrictive ceramics which has the outstanding piezo-electric property, excluding 
lead. 
[0011] 

[Means for Solving the Problem] The above-mentioned pxirpose is attained by this invention of 
following the (1) - (5). 

(1) Mn (element with which ME is chosen fi-om Sr, Ba, and calcium), It is a bismuth stratified 

compoimd containing Ln (lanthanoids), Bi, Ti, O, and Mn. When it is electrostrictive ceramics 

including a MIIBi4Ti4015 mold crystal, the sum total content of Mil, Ln, and Bi is expressed with 

A and the content of Ti is expressed with B, Electrostrictive ceramics whose atomic ratio A/B is 

1 .249 <=A/B<=1 .260 and whose atomic percent 100C/(A+B) is 0.396 <=100C/(A+B) <=1 .060 when 

the content of Mn is expressed with C. 

(2) 

Electrostrictive ceramics of the above (1) which is 1.250<A/B<=1.260. 

(3) The above (1) which is x+y+z=l, 0<=x<=l, 0<=y<=0.9, and 0<=z<=l when the atomic ratio in 
MU is expressed with SrxBayCaz, or (2) electrostrictive ceramics. 

(4) One electrostrictive ceramics of above-mentioned (1) - (3) whose atomic ratio Ln/(Ln+MII) is 
0<Ln/(Ln+Mn) <0.5. 

(5) One electrostrictive ceramics of above-mentioned (1) - (4) which converts into Y203 and Sc203 
at least one sort of elements chosen from Y and Sc, respectively, and contains them under 0.3 mass 
% in total. 

[0012] 

[Function and Effect] In the electrostrictive ceramics which added the lanthanoids oxide and the 
manganic acid ghost, percentage A/B of a metallic element and 100C/(A+B) are controlled by this 
invention as mentioned above to a MIIBi4Ti4015 system presentation. Thereby, the specific 
resistance of electrostrictive ceramics decreases. Therefore, as a result of canceling promptly the 
charge generated according to the pyroelectric effect, degradation of a piezo-electric property can be 
controlled. 
[0013] 

[Embodiment of the Invention] The electrostrictive ceramics of electrostrictive ceramics this 
invention is a bismuth stratified compound containing Mil (element with which Mil is chosen from 
Sr, Ba, and calcium), Ln (lanthanoids), Bi, Ti, O, and Mn, and is a multiple oxide including a 
MIIBi4Ti4015 mold crystal. 

[0014] When the sum total content of MIL, Ln, and Bi is expressed with A and the content of Ti is 
expressed with B, in the electrostrictive ceramics of this invention, atomic ratio A/B is 1.249 
<=A/B<=1.260, is 1.250<A/B<=1.260 preferably, and is 1.251 <=A/B<=1.260 more preferably. 
Specific resistance will become high if A/B is too small. On the other hand, if A/B is too large, 
specific resistance will become low too much and polarization will become difficult. 
[0015] When the atomic ratio in Mil is expressed with SrxBayCaz, it is desirable that it is x+y+z=l, 
0<=x<=l, 0<=y<=0.9, and 0<=z<=l. If the ratio y of Ba occupied to ME becomes high too much, it 
will become easy to fiise electrostrictive ceramics at the time of baking. 
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[0016] The electrostrictive ceramics of this invention contains a lanthanoids oxide in order to raise 
Qmax. They are La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu, among these, at 
least one sort of a lanthanoids of La, Nd, Sm, Gd, Dy, Ho, Er, and Yb is desirable, and its La is the 
most desirable. When a lanthanoids is expressed with Ln, atomic ratio Ln/(Ln+MII) is 0<Ln/ 
(Ln+Mn) <0.5, and is 0.03 <=Ln/(Ln+MII) <=0.3 preferably. Qmax will become rather low if Ln/ 
(Ln+MH) is too large. It is thought that the improvement in Qmax by addition of Ln oxide is based 
on improvement in a degree of sintering. 

[0017] Moreover, the electrostrictive ceramics of this invention contains Mn oxide in order to raise 
Qmax. By carrying out compound addition of Mn oxide and the Ln oxide, Qmax improves 
remarkably. However, if there are too many contents of Mn oxide, specific resistance will become 
low and polarization processing will become difficult. On the other hand, if there are too few 
contents of Mn oxide, specific resistance will become high and effectiveness of this invention will 
not be realized. Therefore, when the content of Mn is expressed with C, in this invention, atomic 
percent 100C/(A+B) is set to 0.396 <=100C/(A+B) <=1.060, and it is preferably referred to as 0.532 
<=100C/(A+B) <=0.994. 

[0018] In addition, atomic ratio A/B and atomic percent 100C/(A+B) can be measured by X-ray 
fluorescence. 

[0019] If Y oxide and/or Sc oxide are made to contain in this invention, the specific resistance of 
electrostrictive ceramics can be decreased further and degradation of the piezo-electric property by 
the pyroelectric effect can be reduced further. The sum total content of both the oxides for which 
converted Y oxide into Y203, converted Sc oxide into Sc 203, respectively, and it asked is below 
0.2 mass % more preferably imder 0.3 mass %. If there are too many these svmi total contents, 
specific resistance will become low too much and polarization will become difficult. It is desirable 
to, carry out the above-mentioned sum total content to more than 0.05 mass % on the other hand, in 
order to fully demonstrate the specific resistance reduction effectiveness. 

[0020] In addition, by containing Y oxide with Ln oxide, the temperature characteristic of resonance 
frequency improves and Qmax large moreover enough is obtained. 

[0021] Moreover, Qmax can be raised also by making Co oxide contain. In order to fully 
demonstrate the improvement effectiveness in Qmax, it is desirable to carry out the content of CoO 
conversion to more than 0. 1 mass %. However, if there are too many contents of Co oxide, specific 
resistance will become large and polarization will become difficult. Therefore, the content of CoO 
conversion is preferably made under into 0.7 mass %, and is more preferably made below into 0.5 
mass %. 

[0022] Although it is desirable to consist of this crystal substantially including the MIIBi4Ti4015 
mold crystal which is a bismuth stratified compound as for the electrostrictive ceramics of this 
invention, even if not completely homogeneous, it may contain the unusual appearance, for example. 
Although it is thought that Ln has mainly permuted the Mil site of a MIIBi4Ti4015 mold crystal in 
this electrostrictive ceramics, the part may permute other sites and the part may exist in the grain 
boxmdary. 

[0023] As a>=0, generally (MIIl-aLna), it is good, and the thing by which MnO was added to the 
presentation of the 40Bi4Til5 neighborhood, then when it contains Co oxide, as for the presentation 
by the whole electrostrictive ceramics of this invention, CoO shall just be further added to this. 
However, as long as it is in limited within the limits which A/B described above, the ratio of MII+Ln 
to Ti and the ratio of Bi to Ti may be shifted from stoichiometric composition about **5%, for 
example. For example, it is possible to make Qmax higher by making the ratio of Bi to Ti higher. 
Moreover, the amount of oxygen may also change according to a valence, an oxygen defect, etc. of a 
metallic element. 

[0024] Moreover, although Pb oxide, Cr oxide, Fe oxide, etc. may contain as an impurity thru/or a 
minute amount additive in the electrostrictive ceramics of this invention, the content of these oxides 
is converted into the oxide of stoichiometric composition, such as PbO, Cr 203, and Fe203, it is 
desirable that it is below the whole 0.5 mass %, respectively, and it is more desirable [ a content ] 
that it is below 0.5 mass % also in the sxmi total of these oxides. When there are too many contents 
of these oxides, a piezo-electric property may be spoiled. In addition, although it is most desirable 
that Pb is not contained in electrostrictive ceramics, it will be substantially satisfactory if it is a 
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content below 0.5 mass % extent. 

[0025] The crystal grain of the electrostrictive ceramics of this invention does not have fusiform, and 
is needlelike. Although especially the diameter of average crystal grain is not limited, in the direction 
of a major axis, 1-10 micrometers is 3-5 micrometers more preferably. 

[0026] The Curie point of the electrostrictive ceramics of the above-mentioned presentation is easy 
to be able to consider as at least 380 degrees C or more, and to consider as 430 degrees C or more. 
[0027] The electrostrictive ceramics of this invention is suitable for a resonator, a high-temperature- 
service sensor, etc. Especially the mode used is not limited, for example, any modes, such as 
thickness longitudinal oscillation and thickness skid vibration, are available. 
[0028] An example of the manufacture approach, next the method of manufacturing the 
electrostrictive ceramics of this invention is explained. 

[0029] First, as a start raw material, an oxide or the compoimd which may change to an oxide by 
baking, for example, a carbonate, a hydroxide, an oxalate, a nitrate, etc. specifically prepare the 
powder of MIIC03, Bi203, Ti02, La203, Mn02, and MnC03 grade, and carry out wet blending of 
these with a ball mill etc, 

[0030] Subsequently, temporary quenching is carried out. In addition, temporary shaping is usually 
carried out before temporary quenching. 700-1000 degrees C of temporary-quenching temperature 
are 750-850 degrees C more preferably. If temporary-quenching temperature is too low, a chemical 
reaction will not fully be completed but will become inadequate [ temporary quenching ]. On the 
other hand, subsequent grinding becomes difficult in order that a temporary Plastic solid may begin 
to sinter, if temporary-quenching temperature is too high. Although especially temporary-quenching 
time amount is not limited, considering as 1 - 3 hours is usually desirable. 

[0031] The obtained temporary-quenching object is slurred and wet grinding is carried out using a 
ball mill etc. Although especially the mean particle diameter of the powder obtained by this grinding 
is not limited, when the ease of carrying out of subsequent shaping is taken into consideration, it is 
desirable to be referred to eis about 1-5 micrometers. 

[0032] The powder of a temporary-quenching object is dried after wet grinding, after carrying out 
small quantity (4-8 mass % extent) addition of the water at a dry matter, press forming is carried 
out by the pressure of 100 - 400MPa extent, and a Plastic solid is acquired. Under the present 
circumstances, binders, such as poljrvinyl alcohol, may be added. 

[0033] Subsequently, a Plastic solid is calcinated and electrostrictive ceramics is obtained. Buming 
temperature is preferably chosen from the range of 1 100-1250 degrees C, and makes firing time 
preferably about 1-5 hours. Baking may be performed in atmospheric air and you may carry out in 
the ambient atmosphere where oxygen tension is lower than the inside of atmospheric air, a high 
ambient atmosphere, or a pure oxygen ambient atmosphere. 

[0034] Polarization processing is performed after baking, although what is necessary is just to 
determine the conditions of polarization processing suitably according to the presentation of 
electrostrictive ceramics — usually — polarization temperature — 150-250 degrees C and polarization 
time amoxmt ~ for 1-30 minutes, and polarization electric field - 1.1 or more times of a coercive 
electric field ~ desirable - 1.5 or more times — then, it is good. 
[0035] 

[Example] In the one or less-example procedure, the electrostrictive ceramics sample shown in Table 
1 and 2 was produced. 

[0036] as a start raw material - SrC03, Bi 203, and Ti02 and La2 - it blended so that the last 
presentation might serve as the 4OBi(Sr0.9La0.1)4Til5 neighborhood in each powder of 03 and 
MnC03 and MnO might be contained, and wet blending was carried out for 10 hours with the ball 
mill which used the zirconia ball in pure water. 

[0037] Subsequently, mixture was fiilly dried, and after carrying out press forming, temporary 
quenching was carried out at 800 degrees C for 2 hours. After the ball mill ground the obtained 
temporary-quenching object, it dried, and the binder (polyvinyl alcohol) was added and corned. The 
load of 294MPa(s) was added using the 1 shaft press-forming machine, and the obtained granulation 
powder was fabricated with a thickness of about 1 .5mm in the shape of sheet metal. After heat- 
treating to the acquired Plastic solid and volatilizing a binder, it calcinated at 1230 degrees C for 4 
hours. 
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[0038] Next, the element content of each sintered compact was measured by X-ray fluorescence. It 
asked for above mentioned A/B and 100C/(A+B) from this measurement result. A result is shown in 
Table 1 and 2. 

[0039] Next, lap polish of the sintered compact was carried out imtil it became 500 micrometers in 
thickness, and further, it cut so that a flat-surface dimension might be set to 15mmxl5mm. 
[0040] Next, Cu electrode was formed in both sides of a sintered compact by vacuum evaporationo, 
and specific resistance was measured. Since the specific resistance in the room temperature of the 
above-mentioned sintered compact is about 1012ohmcm, a current hardly flows in the case of 
measurement, but the accuracy of measurement becomes low. Therefore, in this example, specific 
resistance was measured all over the 250-degree C silicone oil bath. 

[0041] Subsequently, all over the 250-degree C silicone oil bath, the electric field more than l.SxEC 
(MV/m) were impressed to the sintered compact for 1 minute, polarization processing was 
performed, and the electrostrictive ceramics sample was obtained. In addition, Above EC is the 
coercive electric field of each sintered compact in 250 degrees C. 

[0042] Subsequently, after removing Cu electrode, lap polish of each sample was carried out, and 

sheet metal with a thickness of 435 micrometers was obtained. Ag electrode was formed in both 

sides of this sheet metal by vacuum evaporationo, measxjrement by impedance analyzer 

HP4194made from Hewlett Packard A was performed, and it asked for the thickness lengthwise 

direction electromechanical coupling coefficient (kt) using the resonance antiresonance method. In 

addition, kt was computed by the following type. 

[0043] 

[Equation 1] 

3c /2) X (fr/fe) X tan{( nl2)x (AffCa)} 

[0044] Subsequently, the spalling test put to a -40-85-degree C ambient atmosphere by a imit of 88 
times by turns, respectively was performed to each sample. After this spalling test, the 
electromechanical coupling coefficient (kt) was measured again. 

[0045] The electromechanical coupling coefficient after ktO and a spalling test was set to ktl for the 
electromechanical coupling coefficient before a spalling test, and the rate-of-change **kt was 
calculated by **kt= (ktl-ktO)/ktO. A result is shown in Table 1 and 2. 



[0046] 
[Table 1] 




m 1 






No. 


A/B 


lOOC 
/(A+B) 


(xiO^Qcm) 


(%) 




1.265* 


0.659 


0.100 




102 


1.260 


0.663 


1.00 


-0.051 


103 


1.256 


0.663 


4.47 


-0.088 


104 


1.254 


0.660 


6.97 


-1.45 


105 


1.253 


0.661 


14.4 


•2.09 


106 


1.251 


0.658 


19.9 


*6.19 


107 


1.249 


0.662 


24.8 


-9.84 


108(JtCIO 


1.245* 


0.663 


32.0 


-13.47 


I09{ittt) 


1.242* 


0.662 


31.5 


-18.91 


iio(jt«ao 


1.240* 


0.662 


34.4 


13.70 





[0047] 
[Table 2] 
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m 2 



No. 


A/B 


lOOC 
/CA+B) 


(X lO^Qcm) 




201<M:I!0 


1.254 


0.159* 


56.7 


-24.5 


202 


1^4 


0.632 


12.8 


-1.67 


203 


1.254 


0.694 


9.74 


-0.76 


204 


1.254 


0.718 


5.35 


0.34 


205 


1^54 


0.780 


1.77 


0.57 


206 


1.254 


0342 


1.24 


0.51 


207 


1^54 


0.917 


1.79 


0.98 


208(^6) 


1.254 


1.526* 


0.091 





[0048] The effectiveness of this invention is clear from Table 1 and 2. That is, by making the 
presentation of a sample into within the limits limited by this invention, specific resistance becomes 
low, consequently the absolute value of **kt is held down low. 

[0049] In addition, in each sample shown in Table 1 and 2, the Curie point was 500 degrees C or 
more, and Qmax in the 3rd higher-harmonic mode of thickness longitudinal oscillation was ten or 
more. Moreover, the Curie point did not change with spalling tests. Moreover, when each sample 
was analyzed by powder X-ray diffractometry, having a single phase of a SrBi4Ti4015 mold crystal 
was checked. 

[0050] It blended so that the last presentation might serve as the 4OBi(calcium0.9La0.1)4Til5 
neighborhood in each powder of CaC03, Bi203, Ti02, La203, and MnC03 and MnO might be 
contained as an example 2 start raw material. Moreover, burning temperature was made into 1200 
degrees C. Moreover, polarization conditions were made into 150 degrees C, 16kV /, and 1000 
seconds mm. Conditions other than these presupposed that it is the same as that of an example 1, and 
produced the sample. The measurement same about these samples as an example 1 was performed. 
A result is shown in Table 3, 
[0051] 



[Table 3] 




« 3 






No. 


A/B 


lOOC 
/(A+B) 


(xiO^Qcm) 


<%) 


301 


1J253 


0.765 


15 


-4.79 


302 


1.253 


0.892 


5.8 


-1.27 



[0052] Table 3 shows that this invention is effective, also when Element Mil is calcium. 
[0053] In each sample shovra in Table 3, the Curie point was 500 degrees C or more, and Qmax in 
the 3rd higher-harmonic mode of thickness longitudinal oscillation was 15 or more. Moreover, the 
Curie point did not change with spalling tests. Moreover, when each sample was analyzed by powder 
X-ray diffractometry, having a single phase of a CaBi4Ti4015 mold crystal was checked. 
[0054] It blended so that the last presentation might serve as the 4OBi(calcium0.9La0,l)4Til5 
neighborhood in each powder of CaC03, Bi203, Ti02, La203, MnC03, and Y203 and MnO and 
Y203 might be contained as an example 3 start raw material. Conditions other than this presupposed 
that it is the same as that of an example 2, and produced the sample. The measurement same about 
these samples as an example 1 was performed. A result is shown in Table 4. In addition, 20Y3 
content is also shown in Table 4. 
[0055] 
[Table 4] 
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m 4 



No. 


A/B 


lODC 




(xiO^Qcm) 


m 


401 


1.253 


0.765 


0.1 


13 


-4.34 


402 


1^53 


0.892 


ai 


5.1 


.0^ 


403 


liK5S 


0.892 


0^ 


4.0 


-0.72 



[0056] Table 4 shows that specific resistance becomes still lower by 20Y3 addition, consequently 
the absolute value of **kt is held down lower. In addition, when it changed to apart of Y20at least 3 
and Sc 203 was used, specific resistance reduction and the absolute value fall of **lct were accepted. 

[0057] In each sample shown ia Table 4, the Curie point was 500 degrees C or more, and Qmax in 
the 3rd higher-harmonic mode of thickness longitudinal oscillation was 16 or more. Moreover, the 
Curie point did not change with spalling tests. Moreover, when each sample was analyzed by powder 
X-ray diffractometry, having a single phase of a CaBi4Ti4015 mold crystal was checked. 



[Translation done.] 
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